ABSTRACT Eighteen-week-old laying hens were fed diets containing 0, 10, or 20% ground flaxseed and 10 or 100 IU vitamin E/kg diet, in a factorial arrangement. When birds were 60 wk of age, eggs were collected from various treatments and used in taste panel studies. All studies involved freshly boiled eggs. In Experiment 1, four separate panels were conducted to obtain information on egg aroma, egg flavor, presence of any offflavor, and overall acceptability of the egg. Pooled data showed a very significant difference among panelists for all attributes tested (P < 0.01) and off-flavors were detected in eggs from hens fed 10 and 20% flaxseed with 10 mg vitamin E/kg. In Experiment 2 panelists were asked to evaluate egg aroma, yolk flavor, and overall acceptability in eggs from birds fed the lowest level of vitamin E with 0 or 10% flaxseed, and birds fed 20% flaxseed and 10 or 100 mg vitamin E/kg. The highest ratings for egg aroma, yolk flavor, and overall acceptability were for the control eggs. There was a significant reduction in overall acceptability as flaxseed concentration increased (P < 0.05) and an interesting and significant (P < 0.05) decline in overall acceptability for birds fed 100 vs 10 IU vitamin E/kg diet in eggs for birds fed 20% flaxseed. In a third study, there was an indication of preference for eggs from birds not fed flaxseed, when the diet contained 10, rather than 100 IU vitamin E/kg diet.
flaxseed and 10 or 100 mg vitamin E/kg. The highest ratings for egg aroma, yolk flavor, and overall acceptability were for the control eggs. There was a significant reduction in overall acceptability as flaxseed concentration increased (P < 0.05) and an interesting and significant (P < 0.05) decline in overall acceptability for birds fed 100 vs 10 IU vitamin E/kg diet in eggs for birds fed 20% flaxseed. In a third study, there was an indication of preference for eggs from birds not fed flaxseed, when the diet contained 10, rather than 100 IU vitamin E/kg diet.
These data suggest that high (> 10%) levels of flaxseed used in the bird's diet will result in some decrease in overall egg acceptability as assessed by aroma and flavor. These effects seem to be accentuated by using high levels of vitamin E in the bird's diet.
INTRODUCTION
Feeding flaxseed to laying hens causes changes in the fatty acid profile of the yolk (Caston and Leeson, 1990) . Of particular interest is the enrichment due to increased levels of linolenic acid because increased intake of this fatty acid by humans is reported to reduce the risk of coronary heart disease (Bang et al., 1980; Kinsella et al., 1990) . Linolenic acid is recognized as an important nutrient in many countries, and, in Canada, labeling for this nutrient is now allowed on food products.
Longer chain fatty acids, such as linolenic acid, have a characteristic "fishy" or "paint-like" aroma, and so there is concern that enrichment of products, such as eggs, with n-3 fatty acids may cause some degree of off-flavor. In a previous report (Caston et al., 1994) we indicated that, although results were far from conclusive, there was a general perception by taste panelists that eggs from flax-fed birds had a slight off-flavor. This conclusion may be due to the resultant flavor per se of the longer chain unsaturates when they undergo oxidative rancidity. For this reason, commercial production of these eggs now invariably involves the use of very high levels of vitamin E in the bird's diet (e.g., 100 vs 10 IU vitamin E/kg diet).
In commercial production of n-3 enriched eggs, there is a desire to maximize the use of ingredients, such as flaxseed, in the bird's diet, because there is a strong positive correlation between levels of fatty acids in the bird's diet and their levels in the yolk. For this reason, we have carried out more taste panel work on the acceptance or nonacceptance of eggs from birds fed up to 20% flaxseed and 100 IU vitamin E/kg diet.
MATERIALS AND METHODS

Bird Management
Two hundred and forty 18-wk-old ISA Brown pullets were housed in individual cages within a room with environmental control. Birds were fed diets that met NRC (1994) nutrient guidelines. Six diets were prepared that contained a factorial arrangement of level of flaxseed (0, 10, or 20%) and level of supplemental vitamin E (10 or 100 IU/kg diet). Each diet was fed to 10 replicate groups of four birds each. Diets were fed through a full laying cycle of 12, 28-d periods, and hen performance characteristics will be detailed in another publication. There were no significant diet effects on egg production or egg weight. Eggs from birds fed flaxseed had paler colored yolks, because these diets contained less xanthophyll pigments, and, for this reason, all subsequent taste panel studies were conducted under red artificial light in order to mask such differences in yolk color. All taste panel studies were conducted on eggs collected during the 12th period of the feeding study.
Experiment 1
The first study involved 20 untrained panelists who were asked to evaluate eggs that had been stored at 5 C for 14 d after day of lay. All eggs used in this study were boiled by placing in water at room temperature, the water raised to boiling point, and this temperature maintained for 15 min., which was the minimum time required for the number of eggs used. Eggs were cooled to an internal temperature of about 60 C and placed in individual closed containers prior to evaluation. Panelists were asked to evaluate peeled eggs by cutting each egg in half and evaluating egg aroma, egg flavor, presence of any offflavor, and overall egg acceptability. Each panelist was presented with four eggs, which were assigned random numbers, and allowed to sample eggs in any order. The eggs were selected from treatments involving 0% flaxseed and 10 IU vitamin E, 10% flaxseed with 10 IU vitamin E, 20% flaxseed with 10 IU vitamin E, and 20% flaxseed with 100 IU vitamin E. The taste panel was repeated four times over an 8-wk period.
Experiment 2
Sixty untrained panelists were asked to evaluate hardboiled eggs for aroma, yolk flavor, and overall acceptability. The study was conducted in one 8-h period and only those participants who indicated that they did eat hardboiled eggs were chosen. Each participant received four warm (internal yolk temperature of 73 C) unpeeled eggs. Individuals were asked to cut into the boiled egg themselves and to clear the palate with water and unsalted crackers between each sample. Sample presentation was randomized throughout the test and participants asked to rank each characteristic on a 7-point hedonic scale for degree of liking with 7 = like very much to 1 = dislike very much. Treatments tested were 0% flaxseed and 10 IU vitamin E, 10% flaxseed and 10 IU vitamin E, 20% flaxseed and 10 IU vitamin E, and 20% flaxseed and 100 IU vitamin E.
Experiment 3
Results from Experiments 1 and 2 suggested a lower overall acceptability when eggs come from hens fed the highest level of vitamin E. For this reason, it was decided to evaluate the effect of vitamin E, independent of flaxseed in the diet. Two panel studies, each involving 20 people, were conducted on eggs from birds fed diets without flaxseed and 10 or 100 IU vitamin E/kg diet. Methodology was as described in Experiment 1, although in this situation panelists had only two egg samples to consider. Eggs were collected 2 wk previously, and stored at 5 C before cooking. Panelists were asked to score eggs on a range from 0 to 15 for egg aroma, egg flavor, presence of any off flavor, and overall acceptability.
Statistical Analysis
The model for Experiment 1 considered the factors time (panels were conducted over time), treatment (level of dietary flax and vitamin E), individual panelist, and treatment by panelist interaction. Only data from panelists who participated in all four panels was considered in the analysis. Orthogonal contrasts were constructed to consider treatment combinations of interest; Treatments 1 vs 2 (control diet vs 10% dietary flax, 10 mg/ kg vitamin E), Treatments 1 vs 3 (control diet vs 20% dietary flax and 10 mg/kg vitamin E), and Treatments 3 vs 4 (20% dietary flax and 10 vs 100 mg/kg vitamin E). The response variables considered were aroma, flavor, offflavor, and overall acceptability. Significance was accepted at P < 0.05. Data from Experiment 2 were considered by an analysis of variance procedure for the four treatment combinations for the response variables egg aroma, egg yolk flavor, and overall acceptability. Response variables resulting in a significant F test were further analyzed using Tukey's test.
The factors considered in Experiment 3 were time, diet treatment (level of vitamin E in the diet), individual panelist, and treatment by panelist interaction. As in Experiment 1, only data from panelists who participated in both trials were considered in the analysis. The response variables considered were the same as in Experiment 1 and their means compared using least squares means.
RESULTS AND DISCUSSION
For all egg attributes tested, the most outstanding feature was the highly significant difference observed over the range of scores by individual panelists (P < 0.01, Table 1 ). The other significant finding was seen for the attribute off-flavor, in which diet treatment resulted in perceived differences (P < 0.01). Panelists found that the eggs from the control birds (that received no flax in the diet and 10 mg/kg vitamin E) had less of an offflavor than eggs from hens fed a 10% flax diet with the same amount of vitamin E. This conclusion was also the case when eggs from the control fed hens were compared to eggs from birds fed 20% flax and 10 mg/kg of vitamin E. When comparing eggs from birds fed 20% flax and 10 mg/kg of vitamin E with eggs from birds fed 20% flax and 100 mg/kg of vitamin E, panelists did not perceive an off-flavor (P > 0.05). Aroma, flavor, and overall acceptability were unaffected by both the level of flax in the diet and the level of vitamin E in the diet, so that although there were significant differences observed for off-flavor, these eggs were still considered acceptable to panelists.
Time was not a significant factor in Experiment 1, so that eggs collected over the time it took to carry out the taste panels were unaffected for all attributes. There was no diet treatment by panelist interaction.
Significant differences were seen for all egg attributes studied in Experiment 2 ( Table 2 ). The highest scores for egg aroma, flavor, and overall acceptability were recorded for eggs from the control birds, whose diets contained no flaxseed. There was no significant (P > 0.05) difference in egg attributes when birds were fed 10 or 20% flaxseed at the lower inclusion level of vitamin E. However when the higher level of vitamin E was used in conjunction with 20% dietary flaxseed, there was a significant (P < 0.05) reduction in egg yolk flavor and overall egg acceptability ( Table 2 ). The lowest scores for all egg attributes were recorded for the treatment involving 20% flaxseed and 100 IU vitamin E. The third experiment involved two levels of vitamin E, independent of flaxseed use. For all of the attributes tested by taste panelists, level of vitamin E was not found to be a significant factor (P > 0.05, Table 3 ). As observed in Experiment 1, panelist's range of scoring varied significantly and in this case, for the attributes flavor and off-flavor differences were significant (P < 0.01). Overall, eggs from hens fed both levels of vitamin E were considered to be acceptable by panelists.
Although far from being conclusive, these results suggest that including flaxseed in the diet of laying hens does cause some problem with egg organoleptics. The results for the inclusion of the higher level of vitamin E do show an indication of lower preference for eggs from birds fed a diet with 100 mg/kg. Such levels of vitamin E are added as a source of natural antioxidant, with a view to giving enhanced protection for the longer chain unsaturated fatty acids and, hence, protect against oxidative rancidity. We are unaware of any other comparable data with organoleptic evaluation of eggs from birds fed various levels of vitamin E.
These data also confirm the conclusion of Caston et al. (1994) in that there is an indication of off-flavor in eggs from birds that consume flaxseed. The present study also pointed out the variable range in panelist's perceptions when judging egg attributes. Surai et al. (1995) recently reported on feeding exceptionally high levels of vitamin E to laying hens in order to enrich this nutrient in shell egg and processed egg products. Feeding up to 20,000 IU vitamin E/kg diet resulted in egg yolk with 15,000 mg vitamin E/g, although there was no indication of any taint or aroma problem with these eggs. Likewise, Jiang et al. (1994) fed layers up to 400 IU vitamin E/kg diet and enriched the yolk, but again gave no mention of any changes in yolk aroma or overall egg acceptability. Scheideler and Froning (1996) also fed high levels of flaxseed and vitamin E but did not make any observations on egg organoleptics.
In Experiment 2, panelists were also asked to describe reasons for liking or disliking the various eggs. With 10% flaxseed in the bird's diet, a "fishy" taint was the major cause for concern with flavor and overall acceptability. Twenty-four percent of panelists commenting on flavor of these eggs used "fishy" in their descriptions. With 20% flax and the lower level of vitamin E, 30% of panelists used this same description, whereas over 50% described eggs as being "fishy" when the high level of vitamin E was used with 20% flaxseed. There are no reports of vitamin E being associated with off-flavor in eggs. Fennema (1987) suggests that if used at very high concentrations, vitamin E may actually act as a pro-oxidant, rather than an antioxidant. This observation may help to explain the results seen in Experiment 2, in which the increase in off-flavor and lower acceptability was experienced in eggs containing the highest level of flax seed and vitamin E. Experiment 3 suggests that there may be a difference in overall acceptability due to high levels of vitamin E, and whether this reduction in acceptability is due to a prooxidant effect, warrants further study.
